Introduction: Insulin degludec/liraglutide (IDegLira) is a fixed-ratio combination (FRC) of basal insulin and glucagon-like protein-1 receptor agonist (GLP-1 RA) that has demonstrated glycemic and metabolic benefits in patients with type 2 diabetes mellitus (T2DM) in both randomized controlled trials and realworld studies. The impact of adherence to this medication and its effect on patients with T2DM who switch from loose-dose combination therapy to a FRC of insulin and GLP-1RA
Received: October 4, 2019 Ó The Author(s) 2019 ABSTRACT Introduction: Insulin degludec/liraglutide (IDegLira) is a fixed-ratio combination (FRC) of basal insulin and glucagon-like protein-1 receptor agonist (GLP-1 RA) that has demonstrated glycemic and metabolic benefits in patients with type 2 diabetes mellitus (T2DM) in both randomized controlled trials and realworld studies. The impact of adherence to this medication and its effect on patients with T2DM who switch from loose-dose combination therapy to a FRC of insulin and GLP-1RA
have not yet been reported. We have examined the metabolic effects and adherence to this medication in a real-life setting, in T2DM patients who initiated IDegLira therapy after being treated with other glucose-lowering drugs. Methods: This is a retrospective observational study of adult T2DM patients managed by the Maccabi Healthcare Services (Israel) who initiated IDegLira and persisted with therapy for 180 days between July 2017 and August 2018. Mean glycated hemoglobin (HbA 1c ), body weight change, metabolic parameters, dose and proportion of days covered (PDC) by IDegLira were recorded from initiation to after 180 days of therapy. Results: A total of 413 patients who persisted with IDegLira therapy for at least 180 days were evaluated as a per protocol group. A significant mean reduction in HbA 1c of 0.65% (95% confidence limits [CL] -0.78, -0.52; P \ 0.001) was observed at 180 days compared with baseline. IDegLira therapy led to a significant reduction in HbA 1c in patients previously treated with different background combinations of glucoselowering drugs before being started on IDegLira. The largest group (n = 247) comprised those who switched from a loose-dose combination therapy of insulin and GLP-1 RA as injectable components given alone to the IDe-gLira FRC. In this group, HbA 1c was reduced by 0.42% (95% CL -0.57, -0.27; P \ 0.001) and in parallel the PDC of insulin and GLP-1 RA increased from a median of 60% (interquartile range [IQR] 34. 4-79.4) in the 180 days prior to IDegLira initiation to 77.8% (IQR 65.6-90.0) in the 180 days after initiation. Conclusion: In a real-world setting, the use of IDegLira was associated with improved glycemic control and adherence to therapy.
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Key Summary Points

Why Carry Out This Study?
Fixed-ratio combinations (FRC) of glucagon-like protein-1 receptor agonist (GLP-1 RA) and insulin are designed to provide better glycemic control by targeting both fasting and postprandial glucose levels with one therapy and therefore reduce and simplify the treatment regimen to improve adherence. The efficacy and safety of the FRC IDegLira (insulin degludec/liraglutide) have been proven in several clinical trials, but realworld studies are needed to evaluate the effectiveness of IDegLira therapy as well as improved adherence in clinical practice.
This study aimed to evaluate this cooccurrence of improved adherence and reduction in glycated hemoglobin (HbA 1c ) in patients who initiated IDegLira therapy in a real-world setting.
What Was Learned from the Study?
Persistence to IDegLira for [ 180 days was associated with a significant mean reduction of 0.65% in HbA 1c compared with baseline.
The switch to the FRC IDegLira was associated with a significant reduction in HbA 1c in patients with different background therapies of oral and parenteral glucose-lowering drugs at baseline, including the largest group (n = 247) who switched from a loose-dose combination therapy of insulin and GLP-1 RA to FRC of IDegLira.
Those who switched from loose-dose combination therapy to FRC showed improved adherence, with proportion of days covered with insulin and GLP-1 RA increasing from median of 60% (interquartile range [IQR]) 34. 4-79.4) in the 180 days prior to the drug initiation to 77.8% (IQR 65.6-90.0) in the 180 days after initiation.
INTRODUCTION
Co-administration of a glucagon-like protein-1 receptor agonist (GLP-1 RA) and long-acting basal insulin as a treatment of type 2 diabetes mellitus (T2DM) to achieve improved glycemic control in patients with T2DM is based on a solid understanding of the complementary physiological mechanisms of the actions of both agents [1] . Ample clinical data support combining these agents for the treatment of T2DM, an approach which is endorsed as a third-line treatment in the consensus report by the American Diabetes Association (ADA) and the European Association for the Study of Diabetes (EASD) on the management of hyperglycemia in T2DM [2] . Fixed-ratio combinations (FRC) of GLP-1 RA and insulin have been introduced and approved for use in adults with T2DM by regulatory agencies, with the aim to reduce the number of injections and treatment burden by targeting both fasting and postprandial glucose levels by one parenteral therapy and, thereby, simplify the treatment regimen. IDegLira (marketed under the trade name Xultophy Ò 100/3.6; Novo Nordisk, Bagsvaerd, Denmark) is a FRC of a long-acting new generation of basal insulin (degludec) and a longacting GLP-1 RA analogue (liraglutide) to be used as a once-daily subcutaneous injection for the treatment of T2DM. The safety and efficacy of IDegLira were examined in the DUAL I-IX set of randomized clinical trials (RCTs) that compared IDegLira use to that of long-acting new generation and modern basal insulin (degludec and glargine U100) and long-acting GLP-1 RA analogue (liraglutide) as components given alone [3] [4] [5] [6] [7] [8] [9] [10] [11] . The results showed that IDegLira was superior to the other drugs given alone at reducing glycated hemoglobin (HbA 1c ), with weight neutrality or weight loss rather than weight gain, as well as at significantly reducing hypoglycemia rates and insulin-dose requirement, with a high proportion of subjects achieving a \ 7% HbA 1c target [3] [4] [5] [6] [7] [8] [9] [10] [11] . These advantages, as documented in the various DUAL RCTs, highlight the great potential of the IDegLira FRC to increase adherence to therapy.
Studies that evaluate the real-world use of IDegLira allow the advantages of IDegLira to be assessed in practice and their effect on patients' adherence to be determined. In the study reported here, we examined the clinical effectiveness of IDegLira in Israeli patients who completed at least 180 days of IDegLira therapy. Our results add to the accumulating real-world data on IDegLira use.
METHODS
Study Design and Patients
This retrospective analysis of computerized clinical databases was carried out at Maccabi Healthcare Services (MHS), a healthcare provider. MHS provides healthcare services to a quarter of the population of Israel, covering approximately 2.2 million members, 180,000 (8.2%) of whom have documented diabetes. The central computerized database stores data on members' medical information, including medication, and all patients with diabetes are included in a diabetes registry with specific inclusion criteria detailed elsewhere [12, 13] .
This study was approved by the local institutional review board of Assuta Hospital, Israel and was performed in accordance with the Declaration of Helsinki of 1964, as revised in 2013. Individual patient-informed consent was not required because of the anonymized nature of the patient records.
All patient data from those who initiated IDegLira treatment between 1 July 2017 and 17 August 2018 and for whom at least two prescriptions for the drug were dispensed were included in the study. The index date was defined for each patient as the first date of purchase of IDegLira. To be included, patients had to be members of MHS for at least 12 months prior to treatment initiation (index date) and until 180 days after treatment initiation; be [ 18 years old at index date; and to be included in the diabetes registry prior to index date. Patients were required to have an HbA 1c measurement at baseline (defined as 180 days prior to the index date) and after 180 days (± 90 days) from the index date. Patients who were defined in the diabetes registry as having type 1 diabetes were excluded from the study.
Two approaches were used to evaluate outcomes: an intention-to-treat (ITT)-like approach population, which included all patients with at least two dispensed prescriptions for IDegLira during the first 180 days, and a per protocol-like approach population that persisted with IDe-gLira treatment for C 180 days, based on the continuous despensing of prescriptions for IDegLira.
Variable Definitions
For all laboratory measurements, baseline values were measured B 180 days before the index date (most recent measurement used); posttherapy values (HbA 1c ) were measured 90-270 days after baseline (the measurement closest to 180 days was used). The difference in change in body weight and body mass index (BMI) from baseline to 180 days was calculated. Total cholesterol, low-density lipoprotein (LDL) cholesterol, high-density lipoprotein (HDL) cholesterol and triglyceride levels were measured at baseline and after 180 days of therapy. Values of [ 300 mg/dL were recorded as 300 mg/dL for the analyses.
Anti-hyperglycemic medications at baseline were defined based on the dispensing of medications in the 180 days prior the index date. Patients on oral anti-diabetic medications only were defined as the oral antidiabetic drugs (OADs) group. Among patients prescribed injectable medication(s) (with or without OADs), the following categories were defined: those on GLP-1 RA; those on basal insulin, those on GLP-1 RA ? basal insulin (loose-dose combination therapy); and those on multi-daily injections (MDIs) of insulin.
Duration of diabetes was defined as the number of years in the MHS diabetes registry [12] , which was based on diagnosis, medication dispensed and laboratory measurements. Comorbidities reported within 12 months prior to the index date were defined according to the relevant disease registries (cardiovascular disease [14] , cerebrovascular disease, chronic kidney disease and hypertension [15] ) or according to the International Classification of Diseases, Ninth Revision (ICD-9) codes (dyslipidemia: 272.X; liver disease: 570.X-573.X; pancreatitis: 577.X; gallbladder disease: 575.X-576.X; https://www.cdc.gov/nchs/icd/icd9cm.htm).
Primary evaluation was performed on the group that completed at least 180 days of therapy (defined as the per protocol cohort). An additional sensitivity analysis was performed as an ITT-like approach including the full cohort. The pre-treatment period was defined as the 180 days prior to the index date. The follow-up period was defined as 180 days after the index date (measurements made 180 ± 90 days after the index date). Change in HbA 1c was evaluated in the full cohort as well as in specific subgroups (by baseline regimen, sex, age, baseline HbA 1c , BMI and by history of cardiovascular disease). In addition, longitudinal mean change in HbA 1c during the follow-up period was presented at the following time points: 0 time point (closest measurement within 180 days prior to the index date); 3 months (90 [± 45] days); 6 months (180 [± 45] days); and 9 months (270 [± 45] days).
Persistence was used to describe patients who used IDegLira for at least 180 days. Adherence was reported as the proportion of days covered (PDC) based on days covered by filled (dispensed) prescriptions (based on duration parameter from dispensed medication, calculated as days covered by both GLP-1 RA and insulin) during the 180 days prior to the index date as well as the first 180 days of treatment, which included the titration period (maximum coverage days was defined as 100%). GLP-1 RA dosage was converted to defined daily doses (DDD) units defined in the World Health Organization's collaboration center for Drug Statistics Methodology (https://www.whocc. no/).
Statistical Methods
Patient's characteristics were presented as the mean ± standard deviation (with the median as appropriate) for continuous variables and as the number and percentages for categorical variables. Changes in laboratory measurements, medication dosage and PDC were evaluated using the paired t test or the Wilcoxon-signed rank test, as appropriate. The same procedure was used to compute the change in the various subgroups of patients as defined previously.
In all statistical analyses, a two-sided P value of \ 0.05 was considered to be statistically significant. All analyses were performed using SAS version 9.4 or higher (SAS Institute, Cary, NC, USA) and SPSS statistical software (IBM Corp., Armonk, NY, USA).
RESULTS
Patient Demographics and Baseline Characteristics
A total of 484 patients initiated IDegLira from July 2017 up to 17 August 2018 and fulfilled all inclusion and exclusion criteria. Of these, 413 ([ 85%) persisted with IDegLira therapy for at least 180 days and were included in the per protocol-like analysis. The baseline characteristics, co-morbidities, laboratory measurements and medications of these 413 patients included in the primary analysis are presented in Table 1 . Briefly, the mean age of this group at index date was 63.8 ± 8.9 years, 45.0% were women and 79.2% were included in the diabetes registry for [ 10 years; 93% were on injectable glucoselowering agents before being switched to IDe-gLira. Insulin was included in the baseline treatment regimen in 85.5% of the patients, and GLP-1 RA was included in the baseline treatment regimen in 67.3% of patients. The largest group (n = 247, 59.8%) was treated with a loose-dose combination therapy of a GLP-1 RA and insulin prior to switching to the IDegLira FRC. The mean HbA 1c and mean BMI at baseline was 8.6 ± 1.4% and 32 ± 4.8 kg/m 2 , respectively.
IDegLira Persistence and HbA 1c Levels
Among patients who persisted on IDegLira therapy for 180 days, the mean measured reduction in HbA 1c from baseline to 180 days was -0.65% (95% confidence limits [CL] -0.78, -0.52; P \ 0.001) (Fig. 1) . The most pronounced decrease in HbA 1c (-1.87%; 95% CL -2.50, -1.23; P \ 0.001) was observed in the 29 patients who were on OADs only at baseline. Significant reductions in HbA 1c were observed after 180 days in patients treated with basal insulin (-0.94%; 95% CL -1.30, -0.57; n = 74), MDI (-0.39%; 95% CL -0.84, 0.06; n = 32) and GLP-1 RA (-0.93%; 95% CL -1.24, -0.62; n = 31). In the largest group (n = 247) who switched from a loose combination of insulin and GLP-1 RA to FRC therapy of IDe-gLira, a reduction of -0.42% (95% CL -0.57, -0.27; P \ 0.001) from a baseline HbA1c of 8.43% ± 1.38 was measured after 180 days of therapy. Most of those who switched (n = 146, 60%) from loose-dose combinations to the FRC of IDegLira improved their glycemic control; after 180 days, HbA1c was reduced by [ 1% in 65 patients (45%) and by 0.1-1% in 81 (55%) patients.
The significant reduction in HbA 1c after 180 days of IDegLira therapy was consistent in the subgroups according to age, gender, BMI and baseline HbA 1c and in patients with and Data are presented as the mean ± standard deviation (SD) with the median in parenthesis, unless indicated otherwise BMI Body mass index, CKD chronic kidney disease, GLP-1 RA glucagon like protein receptor agonist, HbA 1c glycated hemoglobin, HDL high density lipoprotein, LDL low-density lipoprotein, MDI multi-daily injections, OAD oral antidiabetic drugs without cardiovascular disease. HbA 1c baseline level was the most influencing parameter, with the exception of baseline glycemic regimen, which significantly influenced the degree of HbA 1c change (Fig. 2) . Measurements of HbA 1c at the different time points showed that maximal reduction was achieved around the 180 day time point and that this level was stable in the following measurements taken at 270 days after the index date ( Fig. 3 ). 
Insulin and GLP-1 RA Doses and Proportion of Days Covered
IDegLira Therapy and Other Metabolic Parameters
Improvements in other metabolic parameters were also noted after switching to IDegLira ( P\0.001), respectively) , but there were no significant changes in total cholesterol and HDL cholesterol. These improvements in glucose control were observed with no significant weight change in the whole group or in the different subgroups (Table 2) .
IDegLira Therapy in the ITT Group
Evaluation of the glycemic effect was repeated in the whole group of patients who initiated the treatment, including those who did not complete the 180 days of therapy, to resemble an ITT approach. This group of 484 patients, which included an additional 71 patients, was analyzed in a similar fashion. HbA 1c reduction was very similar to that seen in those who completed the 180 days of therapy (-0.67%; 95% CL -0.79, -0.55; P \ 0.001); among the 281 patients who switched from loose-dose combinations to FRC, the reduction of HbA 1c was identical at -0.42 (95% CL -0.56, -0.28; P \ 0.001) as only three patients did not complete the treatment.
DISCUSSION
In this observational study we found that patients with T2DM who were started on a treatment regimen with IDegLira, a FRC of basal insulin and GLP-1 RA, after being treated with different glucose-lowering therapies improved their glycemic control. A total of 413 patients who were treated with IDegLira for at least 6 months and routinely followed up at a large health maintenance organization in Israel showed a statistically significant decrease in HbA 1c . The decrease was most pronounced in patients previously treated with OADs alone, but it was still significant in those previously treated with insulin and/or GLP-1 RA and was not accompanied by either weight gain or an increase in insulin dosage. In this study, IDe-gLira-treated patients were not compared to a control group, and it is possible that the effect is simply due to the initiation of a new mode of treatment. However, these results are very much in line with the findings in the DUAL set of RCTs in which IDegLira resulted in greater HbA 1c reductions compared with the insulin and GLP-1 RA components given alone. They are also supported by the findings of several previous studies that have examined the effect of the IDegLira FRC in real-world setting. In all of these studies, a substantial and significant [16] [17] [18] [19] .
The largest of these studies is the European multicenter retrospective real-world EXTRA study, which included 611 patients from five countries on different baseline treatment regimens [16] . In the EXTRA study, IDegLira use resulted in improved glycemic control across all baseline therapy groups, with a substantial -0.9% overall reduction in HbA 1c (P \ 0.001) after 6 months from the initiation of therapy. The greatest reduction in the EXTRA study was observed for the non-injectable therapy group (-1.6%) and lower moderate additional patients who switched from loose-dose combinations to IDegLira (-0.6%). The analysis in the EXTRA study included all patients who bought even one pack of IDegLira, which resembles an ITT approach. In our study, we initially analyzed the effect of IDegLira in patients who completed at least 180 days of therapy. This analysis, which resembles a per protocol analysis, provides insight into the effectiveness of those patients who persist with treatment in real-world settings. We performed an additional ITT-like analysis which demonstrated similar trends and reductions in HbA 1c among patients from all of the different background therapies. The similarity is not surprising as a high degree of persistence ([ 85%) was seen among the initiators of IDegLira therapy. This high persistence is in line with the finding of a physicians' survey study [19] that reported high patient satisfaction with the switch to IDegLira and with the DUAL results that indicated a significant improvement of several patient-reported outcomes measures (TRIM-D) [9, 10] . IDegLira has also been observed to demonstrate a higher durability effect of treatment when compared to insulin glargine U100, with a significantly longer time until need for intensification (median of [ 2 years, compared to only 1 year with glargine U100) [11] . This high durability may contribute to the persistence found in realworld evidence (RWE). Indeed, a recent RWE study demonstrated that 94% of patients initiating IDegLira persisted with treatment for [ 6 months and 84% persisted for 1 year. This higher persistence was accompanied by improved glycemic control [20] .
A unique observation in our study stems from the large group of patients who were treated with a loose-dose combination of basal insulin and GLP-1 RA and switched to a FRC of the same pharmacologic agents: 60% (N = 247) of the cohort were on a loose-dose combination of insulin and GLP-1 RA before being switched to the FRC. The change to the FRC was associated with a significant reduction in HbA 1c . The reduction was also clinically significant with more than a quarter of patients improving their HbA 1c level by [ 1%. The PDC was significantly improved in all patients in the group who switched to the FRC, with those who improved most having a lower PDC in the baseline period. Adherence to antihyperglycemic medications is often suboptimal in patients with T2DM, a behavior which contributes to poor glycemic control, increased hospitalization and the development of diabetic complications. It is Reported adherence rates to antihyperglycemics varies widely among studies and is reported to be \ 50% for injectable medications. More convenient drug administration regimens and advances in formulations and delivery devices are among the strategies shown to improve adherence to antihyperglycemic therapy, especially in those on injectable therapy. IDegLira provides a tool that reduces the regimen complexity by combining FDC into one pen-injector device, thus minimizing the quantity of injections per day. Our study shows that, in a real-life setting, adherence improved in patients who were previously treated with a loose-dose combination of basal insulin and GLP-1 RA and then switched to an FRC and that this improved adherence translated to improved glycemic control. Further insights into the explanatory effects of PDC on HbA1c reduction will be addressed in a longer follow-up study.
In accordance with the findings in the DUAL RCT program and previously published as realworld data on IDegLira, in our study the improved glycemic control achieved using the FDC therapy did not significantly influence body weight and led to a minor but statistically significant improvement in the measurements of most lipid profiles (LDL and triglycerides). A post hoc meta-analysis conducted by Vilsbol et al. also indicated consistently lower levels of LDL with IDegLira compared with comparators across subgroups in all trials, with statistical significance achieved in men, participants aged \ 65 years and both diabetes duration subgroups in DUAL II and in all subgroups, with the exception of participants with diabetes duration C 10 years, in DUAL V [21] .
The major limitation of this study is its observational nature and lack of a control group to verify that the improvement in glycemic control is not related to the initiation of any new treatment and not IDegLira specifically.
Future studies could be planned similar to the RCTs with IDegLira on one arm and other therapies on the other arm to achieve a direct head-to-head comparison, which would improve our understanding of the benefits and superiority of this drug. Nevertheless, the data from the present study support the notion that ease of use in an FRC given once daily leads to increased persistence and adherence to treatment that translates to improved glycemic control in the real-world setting.
CONCLUSIONS
In a real-world setting IDegLira led to an improved glycemic and metabolic profile in patients previously treated with different glucose-lowering agents. The largest group was treated with a loose-dose combination of insulin and GLP-1 RA. When these patients were switched to the FRC IDegLira, adherence improved, which led to a statistical and clinically significant improvement in glycemic control.
